Abstract. Spectroscopic constants for NF are determined from a Dunham analysis of potential energy curves computed previously by means of a valence configuration interaction method. Results are presented for several experimentally known and unknown states within the 'Z-, 'A, ' E ' , 'Z-, 'A and 'Z' symmetry species. Where possible, our findings are compared with other calculations and with experiment.
Introduction
In a recent article (Ellis et a1 1973) it was reported that configuration interaction (a) wavefunctions and energies had been evaluated for the ground state and several excited states of homo-and hetero-nuclear diatomic molecules-including NF. As preliminary results for the ground state of this molecule have already been presented, this work is largely devoted to an examination of the excited states.
Although the molecule N F is isoelectronic with O,, it has only recently become the subject of experimental and theoretical investigation. Early attempts at detection were unsuccessful until Milligan and Jacox (1964) observed the infra-red spectrum of N F trapped within a solid argon matrix. Subsequently, Douglas and Jones (1966) showed that the green afterglow which is produced by an electrical discharge through a mixture of NF, and A was attributable to the b 'C+-x 'X-bands of NF. The 0-0 band of the a 'A-x 3C-transition was later identified by Jones (1967) . From these experiments spectroscopic constants were determined for the three lowest states. The existence of N F has also been noted in reactions involving the NF, radical with atomic oxygen, nitrogen or hydrogen (Clyne and White 1970) and, in addition, the electron paramagnetic resonance spectra of the molecule in the x 3C-and a 'A states have been observed by Curran et a1 (1971) . To our knowledge, neither the positive nor the negative ions of this molecule have, as yet, been detected experimentally although theoretical investigations have been carried out for both systems (Sahni 1967 , O'Hare and Wahl 1971 , Andersen and 6 h r n 1973 , Ellis et al 1973 .
Previous ab initio studies of N F include a minimal basis set LCAO-SCF treatment of the two lowest X states by Sahni (1967) and the near HF-limit calculations for the three lowest molecular states by O'Hare and Wahl(l971). Although the latter workers carried out calculations only at the experimental bond lengths, O'Hare (1 973) later extended the work and presented a potential energy curve for the ground state. The potential energy curves and associated spectroscopic constants reported here were obtained from complete valence configuration interaction (VCI) wavefunctions within a minimal basis set of Slater-type orbitals (STO) . The basis set was taken from the work of Clementi and Raimondi (1963) . Our application of the VCI method has been discussed in previous articles (Ellis er a / 1973 and, as before, the spectroscopic constants were derived from a Dunham analysis. The molecular states examined here are associated with the symmetry species: 'X-, 'A, 'X', 'E', 'A and 'X-. The three lowest-lying states of NF, x 'X-, a 'A and b 'X', are well known and during the course of our work were studied by Andersen and a h r n (1973) using a VCI approach like our own. The remaining symmetry species were chosen by analogy with the lowest-lying states occurring for the isoelectronic molecule 0,.
Results
Each symmetry state, listed in table 1, was examined at thirteen internuclear distances within the range R = 1.5(0.2)3.9 bohr (atomic units are used throughout this work unless otherwise specified). Selected potential energy curves are displayed in figure 1. Where possible, the calculated spectroscopic constants are compared in table 1 with the available experimental data. We also quote the number of configurations and determinants which comprise the VCI wavefunctions for each state. Finally, the separations of the excited states from the ground state are tabulated in terms of the 0-0 transition wavenumber, voo. 58 (230) 40 (84) 63 (230) 58 (230) 30 (230) 38 (84) 52 (230) 63 (230 1 Douglas and Jones (1966) . 5 Jones (1967) . 
Discussion
At the theoretical bond lengths R , our energies E(R,) for the states x 'C-and b 'C' are, in each instance, about 0.1 hartree more negative than the values obtained by Sahni (1967) . However, a similar comparison with the work of O'Hare (1973) for the x 'Cstate shows that the present result is higher by about 0.5 hartree. For the ground state of NF, our value for R, is in excess of experiment by 0.12 bohr, this being a consequence of our use of atomic orbital exponents. By contrast, the SCF calculations predict results for Re which are in closer agreement with experiment although smaller in magnitude. Inspection of table 1 reveals that our spectroscopic constants are in pleasing agreement with the available experimental data. For the ground state our values are, taken overall, as reliable as those determined by O'Hare. As might be expected, the results for the x 'C-and b 'C' states were found to be superior to those obtained from a Dunham analysis of Sahni's E(R) curves. A comparison with the results of Andersen and O h m (1973) for the three lowest states showed that, in spite of the basic correspondence between the two sets of energy calculations, our spectroscopic constants are in better agreement with experiment. Although our potential energy curves were determined over a more restricted range of R than those presented by Andersen and Ohrn they were, nevertheless, constructed from more E(R) points. It should also be noted that their results were obtained by fitting their energies to the Hulburt-Hirschfelder (Herzberg 1950, p 102) The results presented in table 1 for the experimentally unknown states of N F are thought to possess a qualitative reliability comparable with that found for the known states. The bound levels 3X-11, 'E-I, 'A I and 'X' I are seen to have potential energy curves lying close to one another and, furthermore, possess similar spectroscopic constants. The higher bound states in figure 1 appear to have bonds considerably weaker than those indicated for the three lowest levels. Finally, since the 'X-11 state appears to be bound, it is suggested that there may be transitions in N F comparable to the Schumann-Runge band system of 0,. Our recent applications of the C I~V C I method, using a minimal basis set of STO, has produced useful energy-related properties ; consequently, it should be of interest to examine expectation values and transition probabilities obtained from the wavefunctions. This work is now in progress.
